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MANIPULATING DATA IN A DATA STORAGE 
DEVICE USING AN AUXILIARY MEMORY 

DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of elec 
tronic data storage. More particularly, the present invention 
relates the ?eld of manipulating data in a data storage device 
using an auxiliary memory device. 

BACKGROUND OF THE INVENTION 

[0002] Computer systems typically include one or more 
computers, referred to as hosts. Where multiple computers 
are used, the computers are usually interconnected by a 
netWork that alloWs them to share data. Typically, such 
netWorks also include one or more data storage devices to 
provide additional data storage capacity for the netWorked 
computers. A common data storage device is a disk array, 
also sometimes referred to as a Redundant Array of Inde 
pendent (or Inexpensive) Disks (RAID). A disk array or 
RAID is tWo or more hard drives or similar disks that 
provide data storage for connected hosts. 

[0003] Redundant Arrays of Independent (or Inexpensive) 
Disks are intended to provide storage With better perfor 
mance and reliability than individual disks. In the pursuit of 
better performance or better reliability, numerous RAID 
types have been devised. Each of these RAID types has 
different reliability and performance characteristics. 

[0004] For example, one RAID Type-is called Type-1. 
With a Type-1 RAID, data that is Written to one disk is 
simply mirrored to another, second disk. Thus, data stored in 
a Type-1 RAID is very reliable because all the data is stored 
tWice and is, therefore, automatically backed up against 
inadvertent error or corruption. 

[0005] In a Type-1 disk array With N disks, there are N/2 
disks Worth of data storage space, and up to N/2 different 
input or output operations (I/ O) can be accommodated at any 
given time (one 1/0 per 2 disks in the array). Thus, a Type-1 
RAID sacri?ces storage capacity to a certain extent in favor 
of higher reliability and performance. 

[0006] Another RAID Type-is called Type-5. In Type-5 
RAID, one disk’s Worth of parity information is calculated 
from the other disks in the array. Parity refers to an integer’s 
property of being odd or even. Parity checking is used to 
detect and correct errors in binary-coded data, including data 
stored on a disk array, such as a RAID. 

[0007] Therefore, in a Type-5 disk array With N disks, 
there are N-l disks Worth of data storage space. HoWever, 
When a Write command is entered into a Type-5 array, the 
array must ?rst read from tWo disks as part of the parity 
calculation and then Write to tWo disks afterWard. As a result, 
a Type-5 array can only handle about half as many input/ 
output commands in a given amount of time as a Type-1 
array. Thus, a Type-5 array has a larger storage capacity for 
a given number of disks at the sacri?ce of some input/output 
speed. 

[0008] Given this general information, it becomes appar 
ent that each RAID Type has its oWn strengths and Weak 
nesses. A Type-5 array can ?t more user data onto a given 
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number of disks than can a Type-1 array. HoWever, a Type-5 
array processes input/output commands at a rate only about 
half that of a Type-1 array. 

[0009] The strengths and Weaknesses of individual RAID 
types have given rise to the hierarchical storage array. In a 
hierarchical storage array, data is moved from RAID Type-to 
RAID Type-based on certain criteria in order to try to obtain 
more of the strengths and less of the Weaknesses than each 
of the individual RAID types offer by themselves. 

[0010] For example, consider a hierarchical storage array 
that could keep a small subset of its data in Type-1 RAID 
system and the rest of its data in a Type-5 RAID system. If 
the data in the system is manipulated to ensure that all of the 
I/Os coming into the system are only going to Type-1 
storage, then the array Would have the I/O performance of a 
Type-1 RAID. HoWever, the array has more storage capacity 
than a typical Type-1 RAID With the same number of disks 
because data that is not used in an active 1/0 is transferred 
to, and kept in, the higher capacity Type-5 portion of the 
system. The key to this advantage is the data manipulation. 
Data must be moved from Type-1 storage to Type-5 storage 
When it is no longer being accessed, and data that is being 
accessed regularly must be moved to Type-1 storage from 
Type-5 so that all future accesses Will be at the higher 1/0 
rate that a Type-1 RAID provides. 

[0011] In the current art, the Way that data has its RAID 
type changed is by physically relocating it from one location 
to another. In other Words, each location in the array is 
designated as being part of the Type-1 system or part of the 
Type-5 system. A single disk may have both Type-1 and 
Type-5 locations, but each location on each disk of the array 
is dedicated to either the Type-1 or the Type-5 system. 

[0012] When data is to be exchanged from the Type-1 to 
the Type-5 system, or vice versa, the data is physically 
moved from a location of the ?rst type to another location 
Within the array of the second type. This strategy Works Well 
unless the array is at or near data storage capacity. If the 
array is full or very close to full, there may be no free 
location of the second storage type to Which data of a ?rst 
type can be moved. When this occurs, data manipulation 
must stop and the array can no longer function in a hierar 
chical fashion providing both Type-1 and Type-5 advan 
tages. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides, in one of many 
possible embodiments, a data storage device having, for 
example, a disk array comprising a plurality of independent 
disks, an array controller for controlling the array, and an 
auxiliary memory device connected to the disk array and 
array control for temporarily storing data being moved 
Within the array or being changed from a ?rst data storage 
type to a second data storage type Within the array. 

[0014] The present invention also provides a method of 
changing a ?rst set of data in a disk array from a ?rst storage 
type to a second storage type by copying the data from a ?rst 
location of the ?rst storage type Within the disk array to an 
auxiliary memory device and copying the data from the 
auxiliary memory device back to the disk array under the 
second storage type. 

[0015] The present invention, in another embodiment, also 
provides a method of balancing performance of a disk array 
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by copying a ?rst set of data from a ?rst, actively used disk 
Within the array to an auxiliary memory unit, copying a 
second set of data from a second, less actively used disk 
Within the array, copying the ?rst set of data to the second 
disk and copying the second set of data to the ?rst disk. 

[0016] The present invention, in another embodiment, also 
provides a data storage device having, for example, a data 
storage device, and an auxiliary memory device connected 
to the data storage device for temporarily storing data being 
moved Within the data storage device or being changed from 
a ?rst data storage type to a second data storage type Within 
the data storage device. 

[0017] Additional advantages and novel features of the 
invention Will be set forth in the description Which folloWs, 
or may be learned by those skilled in the art through reading 
these materials or practicing the invention. The advantages 
of the invention may be achieved through the means recited 
in the attached claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying draWings illustrate preferred 
embodiments of the present invention and are a part of the 
speci?cation. Together With the folloWing description, the 
draWings demonstrate and explain the principles of the 
present invention. The illustrated embodiments are 
examples of the present invention and do not limit the scope 
of the invention. 

[0019] FIG. 1 is a block diagram of a computer system 
including a RAID and Random Access Memory (RAM) unit 
according to an embodiment of the present invention. 

[0020] FIG. 2 is a ?oWchart illustrating the operation of a 
RAID system according to an embodiment of the present 
invention. 

[0021] FIG. 3 is a table illustrating the location of data 
Within a disk array and the allocation of portions of the array 
among different storage types. 

[0022] FIG. 4 is a table illustrating the location of data 
Within a disk array that is being manipulated according to 
principles of the present invention. 

[0023] FIG. 5 is a table illustrating the location of data 
Within a disk array that has been manipulated according to 
principles of the present invention. 

[0024] FIG. 6 is a ?oWchart illustrating the operation of a 
RAID system according to another embodiment of the 
present invention. 

[0025] Throughout the draWings, identical reference num 
bers designate similar, but not necessarily identical, ele 
ments. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] The present invention proposes the use of Random 
Access Memory (RAM) connected to a hierarchical disk 
array as a temporary storage location for data that is being 
transferred from one RAID type of storage to another. This 
alloWs a disk array to manipulate data and make changes in 
the storage type of recorded data regardless of hoW full the 
array becomes. Consequently, the full advantages of a 

Feb. 12, 2004 

hierarchical array can be realiZed and the strengths of each 
RAID type can be fully exploited. 

[0027] More speci?cally, data that is to be transferred from 
one RAID type to another is temporarily Written into Ran 
dom Access Memory (RAM) rather than copying it to 
another location Within the disk array, particularly When the 
disk array is full and Would have no other location to 
accommodate the data. By Writing the data to RAM, the 
location Where the data Was previously located is freed and 
that location Within the disk array becomes free space that 
can be reallocated as any desired RAID type. The data can 
then be reWritten from RAM right back into the location 
Where it Was previously located as a neW, desired RAID 
type. 

[0028] FIG. 1 is a block diagram of a computer system 
including a RAID and RAM unit according to an embodi 
ment of the present invention. As shoWn in FIG. 1, a disk 
array (RAID) (100) is controlled by an array controller 
(101). In the embodiment illustrated in FIG. 1, the array 
(100) consists of eight individual disks (100a-100h). HoW 
ever, it Will be understood by those skilled in the art that an 
array could potentially contain any number of disks. 

[0029] The RAID or array (100) in FIG. 1 is preferably a 
hierarchical array. In a hierarchical array, as described 
above, different disks (100a-100h) or portions of different 
disks (100a-100h) Will be allocated as different storage 
types, i.e., RAID Type-1 or Type-5. This alloWs the array 
(100) to provide the advantages that are characteristic of the 
multiple storage types. 
[0030] Ahost system (102) is connected to the array (100) 
through the array controller (101). The host system (102), as 
described above, may be a number of computers, a computer 
netWork or multiple computer netWorks. The host system 
(102) makes use of the data storage resources of the disk 
array (100) by providing storage input/output commands to 
the disk array controller (101). 

[0031] The system also includes a Random Access 
Memory unit (103). As described above, the RAM 
unit (103) is used as a temporary holding location for data 
When the storage type of that data is to be sWitched from one 
type to another. As Will be appreciated by those skilled in the 
art, the RAM unit (103) could be replaced by another form 
of auxiliary memory including, but not limited to, a disk 
drive, a hard drive, a tape drive, semiconductor memory, etc. 
Any memory device that can be used to temporarily hold 
data being moved Within the array can be used under 
principles of the present invention. 

[0032] FIG. 2 is a How chart illustrating the operation of 
a RAID system according to an embodiment of the present 
invention. As shoWn in FIG. 2, consistent With the expla 
nation above, the operation begins When a set of data stored 
on the array is to be moved from one type of storage to 
another. (201). For example, data that is being actively used 
should be stored as Type-1 data because Type-1 storage 
provides faster input/output speed. Data that is not actively 
used can be shifted to Type-5 storage Which has the capacity 
to store more data With less disk space. Thus, When the host 
system begins using a set of data actively, or ceases using a 
set of data actively, that data may be shifted appropriately 
from one storage type to another. 

[0033] First, the array controller may determine if there is 
space available in the array of the storage type to Which the 
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data should be shifted. (202). If there is space available that 
is allocated to the type of storage to Which the data should 
be shifted, the data can simply be copied to that available 
location. (206). 

[0034] For example, assume a piece of actively used data 
stored in the Type-1 portion of the RAID. The data is stored 
in Type-1 storage because it is being repeatedly accessed by 
the host system. Next, assume that the host system stops 
actively using that data. The data can then be shifted to 
Type-5 storage to free the Type-1 storage for data that is 
coming into active use. If the array controller can identify a 
location Within the array that is already allocated as Type-5 
storage and is available, the data can simply be copied from 
the Type-1 location to the Type-5 location. (206). 

[0035] HoWever, if the array is at or near storage capacity, 
there may not be a location of the desired storage type that 
is available and large enough to accommodate the data being 
shifted. In this case, the array controller can instead copy the 
data to RAM (203). This vacates the space Where the data 
Was previously held Within the array. 

[0036] The array controller can then reallocate the location 
Where the data Was previously held from one storage type to 
another. (204). For example, if the data Was stored in Type-1 
storage and, due to lack of use, Was to be shifted to Type-5 
storage, the data can be copied to RAM and then the location 
Where the data Was stored can be reallocated from the 
Type-1 portion of the RAID to the Type-5 portion of the 
RAID. 

[0037] Once the location Where the data Was previously 
held is reallocated to the desired storage type, the data can 
be copied from RAM back to the location Where it Was 
previously. (205). HoWever, the data is noW stored in that 
type of storage to Which the location Was reallocated. 

[0038] An additional consideration arises When imple 
menting this method, the granularity With Which individual 
RAID types are Written. For example, each entire disk in an 
array may be allocated to a particular type of storage, e.g., 
Type-1 or Type-5. This is one level of granularity. Alterna 
tively, as mentioned above, portions of a single disk may be 
allocated to different types of storage. This is another level 
of granularity. 

[0039] A “stripe” is a portion of each of the disks in the 
array that is allocated to the same type of storage. FIG. 3 is 
a table representing an exemplary array containing eight 
disks (disk 1-disk 8). Within the eight disks, there are eight 
stripes of Type-1 storage (301) and eight stripes of Type-5 
storage (305). Each stripe includes a portion of each of the 
eight disks. The table in FIG. 3 illustrates Which portions on 
Which disks are used for data storage Within each stripe and 
Which portions are used for parity data. 

[0040] Under principles of the present invention, the 
granularity With Which a particular RAID storage type is 
Written dictates the smallest amount of disk space that can be 
converted from one RAID storage type to another. For 
example, if the disks of the array are allocated among the 
different storage types in stripes, a stripe is the smallest 
amount of the array that can be reallocated from one type to 
another. In other Words, if an amount of disk space smaller 
than a stripe needs conversion from one RAID storage type 
to another, the entire stripe must be converted. Conse 
quently, the conversion of so much memory, much more 
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than is really needed, from the ?rst RAID storage type to the 
second may make the conversion undesirable. 

[0041] This situation can also be dealt With, under prin 
ciples of the present invention, using the RAM unit (103; 
FIG. 1). Assume that an amount of data less than a full stripe 
is to be converted from one RAID storage type to another. 
Rather than simply reallocate the entire stripe in Which the 
data is contained, the system may ?rst look for an amount of 
data of approximately equal siZe that is already stored in the 
second or target RAID storage type. This method Will be 
illustrated in more detail With reference to FIG. 4. 

[0042] In FIG. 4, assume that the data labeled “Data A” 
(302) is to be converted from Type-1 to Type-5. DataA(302) 
is contained on disk 3 and represents only a fraction of the 
data in a stripe (303) of Type-1 storage. Therefore, it Would 
potentially cause performance problems for the other data 
contained in the stripe (303) if the entire stripe (303) Were 
reallocated from Type-1 to Type-5 for the sake of Data A 

(302). 
[0043] NoW further assume that it is acceptable if the data 
labeled “Data B” (304) Were converted from RAID Type-5 
to RAID Type-1. Further assume that the Data A (302) and 
data B (304) are of approximately the same siZe. Given these 
tWo assumptions, it becomes possible under principles of the 
present invention to sWap the positions of “Data A” and 
“Data B” using the RAM unit (103; FIG. 1) instead of 
changing the storage type of the data stripes in the array. 

[0044] In this case, for example, both “Data A” (302) and 
“Data B” (304) Would be read into RAM (103; FIG. 1) and 
their associated slots in disk memory Would be deallocated. 
Next, “Data A” (302) Would be Written to the space that Was 
previously occupied by “Data B” (304) and “Data B” (304) 
Would be Written to the space that Was previously occupied 
by “Data A” (302). Finally, the parities (306, 307) Would be 
adjusted to re?ect the neW stripe makeup and the operation 
Would be complete. 

[0045] The ?nal state of the array after the sWap operation 
is illustrated in FIG. 5. It should be noted that, like the ?rst 
technique for stripe level RAID Type-conversion, this tech 
nique required no additional disk space. Thus, this technique 
could be done even Within an array that Was totally allo 
cated. 

[0046] FIG. 6 illustrates this method as incorporated into 
the method illustrated in FIG. 2. As shoWn in FIG. 6, the 
method begins When data is identi?ed that should be moved 
from one storage type to another (201), i.e., from a ?rst 
storage type to a second storage type. If no space is available 
in the array to simply copy the data to a location allocated 
to the desired second storage type (202, 206), the method 
next considers Whether the data is of a siZe less than a 
granule of storage type allocation, given the granularity With 
Which the array is allocated among different storage types 
(210). 
[0047] If the siZe of the set of data being sWitched betWeen 
storage types is larger than a granule (e.g., a full stripe) 
(210), the method can proceed as outlined above With the 
data being copied to RAM (203) and its previous location in 
the array being reallocated to the desired second storage type 
(204). HoWever, if the set of data being sWitched betWeen 
storage types is less than a granule (210), the method looks 
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for an equivalently sized set of data that is already stored in 
the second storage type and that can be switched to the ?rst 
storage type (211). 
[0048] If such a set of data is located, the tWo pieces of 
data are sWapped. Both pieces of data are copied to RAM. 
(213). The data is then copied from RAM back to the array, 
With each set of data being copied to the location formerly 
occupied by the other set of data. (214). In this Way, the 
storage type of the data is appropriately changed regardless 
of hoW full the array may be. 

[0049] In contrast, the current art for such a sWap opera 
tion Would be to move “Data A” to an unallocated area of 
disk memory. Then “Data B” Would be moved to the 
location previously occupied by “Data A.” Finally, “Data A” 
Would be moved to the location previously occupied by 
“Data B” and the previously unallocated disk memory 
Would again be unallocated. The problem, as noted above, is 
that if there is no unallocated disk memory, then this 
technique cannot Work. 

[0050] Additionally, in this eXample the data Was relo 
cated to convert it from one RAID storage type to another, 
but this does not have to be the case. This technique could 
be used any time data needs to be relocated for any reason 
(Whether the RAID storage type is changed or not). As a 
second eXample of the present invention, this technique 
could be used to load balance betWeen disks. In this case, the 
tWo pieces of data that Would be sWapped to move a set of 
data in active use from an already busy disk and an equally 
siZed set of data from a less busy disk. These tWo pieces of 
data might be the same RAID storage type or not. In either 
case, this technique Would Work to better load balance the 
array, even if the array Was totally full and no additional disk 
space Was available. 

[0051] The methods and techniques described herein can 
be applied to any hierarchical disk array using any storage 
techniques or media or RAM as Well as any RAID types. 
Furthermore, it Will be generaliZable to any neW form of 
RAM, disk memory, any neW data storage methods, or any 
neW RAID types that are invented in the future. 

[0052] The preceding description has been presented only 
to illustrate and describe the invention. It is not intended to 
be eXhaustive or to limit the invention to any precise form 
disclosed. Many modi?cations and variations are possible in 
light of the above teaching. 

[0053] The preferred embodiment Was chosen and 
described in order to best eXplain the principles of the 
invention and its practical application. The preceding 
description is intended to enable others skilled in the art to 
best utiliZe the invention in various embodiments and With 
various modi?cations as are suited to the particular use 
contemplated. It is intended that the scope of the invention 
be de?ned by the folloWing claims. 

What is claimed is: 
1. A data storage device comprising: 

a disk array comprising a plurality of independent disks; 

an array controller for controlling said array; and 

an auXiliary memory device connected to said disk array 
and said array controller for temporarily storing data 
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being moved Within said array or being changed from 
a ?rst data storage type to a second data storage type 
Within said array. 

2. The data storage device of claim 1, Wherein said 
auXiliary memory device is a Random Access Memory 
(RAM) unit. 

3. The data storage device of claim 1, Wherein said ?rst 
data storage type is Type-1 storage for Redundant Arrays of 
Independent Disks (RAID); and said second data storage 
type is (RAID) Type-5. 

4. The data storage device of claim 1, Wherein said 
auXiliary memory device is only used When said disk array 
reaches a predetermined level of data storage. 

5. The data storage device of claim 1, Wherein said disks 
of said array are allocated in stripes among different data 
storage types. 

6. A method of changing a ?rst set of data in a disk array 
from a ?rst storage type to a second storage type, said 
method comprising: 

copying said data from a ?rst location of said ?rst storage 
type Within said disk array to an auXiliary memory 
device; and 

copying said data from said auXiliary memory device 
back to said disk array under said second storage type. 

7. The method of claim 6, further comprising reallocating 
said ?rst location from said ?rst storage type to said second 
storage type after said data is copied to said auXiliary 
memory device, Wherein, copying said data from said auX 
iliary memory device back to said disk array under said 
second storage type comprises copying said data from said 
auXiliary memory device to said ?rst location Within said 
disk array. 

8. The method of claim 6, further comprising copying said 
data from said auXiliary memory device to a second location 
of said second storage type Within said disk array. 

9. The method of claim 6, further comprising: 

identifying a second set of data at a second location of 
said second storage type Within said array, Wherein said 
data can be changed from said second storage type to 
said ?rst storage type; 

copying said second set of data to said auXiliary memory 
device; 

copying said second set of data to said ?rst location Within 
said array; and 

copying said ?rst set of data to said second location Within 
said array. 

10. The method of claim 6, further comprising: 

evaluating a siZe of said ?rst set of data relative to a 
granularity With Which said array is allocated betWeen 
said ?rst and second storage types to produce an 
evaluation; and, 

in response to said evaluation, selectively reallocating 
said ?rst location from said ?rst storage type to said 
second storage type after said data is copied to said 
auXiliary memory device, Wherein copying said data 
from said auXiliary memory device back to said disk 
array under said second storage type comprises copying 
said data from said auXiliary memory device to said 
?rst location Within said disk array. 



US 2004/0030831 A1 

11. A method of balancing performance of a disk array, 
said method comprising: 

copying a ?rst set of data from a ?rst, actively used disk 
Within said array to an auxiliary memory unit; 

copying a second set of data from a second, less actively 
used disk Within said array; 

copying said ?rst set of data to said second disk; and 

copying said second set of data to said ?rst disk. 
12. A data storage device comprising: 

a data storage device; and 

an auxiliary memory device connected to said data stor 
age device for temporarily storing data being moved 
Within said data storage device or being changed from 
a ?rst data storage type to a second data storage type 
Within said data storage device. 

13. The data storage device of claim 12, Wherein said data 
storage device comprises: 

an array of independent disks; and 

an array controller connected to and controlling said array. 
14. The data storage device of claim 12, Wherein said 

auxiliary memory device is a RAM unit. 
15. The data storage device of claim 12, Wherein said 

auxiliary memory device comprises any of a disk drive, a 
hard drive, a tape drive or semiconductor memory. 

16. Asystem for changing a ?rst set of data in a disk array 
from a ?rst storage type to a second storage type, said system 
comprising: 

means for copying said data from a ?rst location of said 
?rst storage type Within said disk array to an auxiliary 
memory means; and 

means for copying said data from said auxiliary memory 
means back to said disk array under said second storage 
type. 

Feb. 12, 2004 

17. The system of claim 16, further comprising means for 
reallocating said ?rst location from said ?rst storage type to 
said second storage type after said data is copied to said 
auxiliary memory means. 

18. The system of claim 16, further comprising means for 
copying said data from said auxiliary memory means to a 
second location of said second storage type Within said disk 
array. 

19. The system of claim 16, further comprising: 

means for identifying a second set of data at a second 
location of said second storage type Within said array, 
Wherein said data can be changed from said second 
storage type to said ?rst storage type; 

means for copying said second set of data to said auxiliary 
memory means; 

means for copying said second set of data to said ?rst 
location Within said array; and 

means for copying said ?rst set of data to said second 
location Within said array. 

20. The system of claim 16, further comprising: 

means for evaluating a siZe of said ?rst set of data relative 
to a granularity With Which said array is allocated 
betWeen said ?rst and second storage types to produce 
an evaluation; and, 

in response to said evaluation, means for selectively 
reallocating said ?rst location from said ?rst storage 
type to said second storage type after said data is copied 
to said auxiliary memory means, Wherein copying said 
data from said auxiliary memory means back to said 
disk array under said second storage type comprises 
copying said data from said auxiliary memory means to 
said ?rst location Within said disk array. 


